It has been pointed out that the epithelium overlying the lymphoid tissue displays characteristic changes; i.e. the epithelial cells are widely separated to form a sponge-like meshwork, into which lymphocytes are infiltrated. This type of epithelium, known as "lymphoepithelium (Jolly , 1914) ", is most prominent in the tonsils, Peyer's patches and bursa of Fabricius, and is suggested to play an important role as the first level of the defense mechanism in the body. On the other hand, Regaud (1921) and Schmincke (1921) reported "lymphoepithelioma" in the nasopharynx, which consisted of epithelial cells interspersed irregularly with varying amounts of lymphocytes and exhibited a marked response to radiation. Owing to the anatomical configuration of the nasopharynx, lymphoepithelioma tends to invade the cranial base to cause the various cranial nervous symptoms, e.g., diplopia, facial paralysis and dysphagia, and may penetrate the cranial cavity. Furthermore, lymphoepithelioma early and frequently metastasizes to the lymph nodes of the neck and submandibular regions (Otsuka, 1964) . It is considered that lymphoepithelioma arises from the lymphoepithelium inthe nasopharynx (Ewing, 1929; Yeh, 1962 Yeh, , 1967 Otsuka, 1964; . In spite of its fundamental and clinical importance described above, the lymphoepithelium in the nasopharynx has been given little attention in contrast to many literatures concerning the ultrastructure of that in the palatine tonsil, Peyer's patches and bursa of Fabricius. Therefore, there is still some uncertainty regarding the types of the lymphoepithelium inthe nasopharynx. This paper reports some of the findings of the structure of the lymphoepithelium 372 T. Nakano and H. Muto in the mouse nasopharynx, and is expected to contribute towards a further understanding of the histology and pathology of the nasopharynx.
Materials and Methods
The materials were the nasopharyngeal regions removed from 25 SMA mice (13 male and 12 female) aged from 6 to 12 months. Light microscopic specimens were fixed in Zenker's fluid containing 5% acetic acid, decalcified in 6% nitric acid, dehydrated in a graded ethanol series, and embedded in paraffin. They were serially cut into frontal or sagittal sections at a thickness of 5-7pm and were applied with hematoxylin and eosin stain.
Scanning electron microscopic samples were fixed with 2.5% glutaraldehyde in phosphate buffer, postfixed with 2% osmium tetroxide, immersed in 2% tannic acid, and stained with 2% osmium tetroxide. They were dehydrated in graded ethanol. After replacement with isoamyl acetate and drying at critical point with liquid CO2, they were coated with gold and observed under a Jeol-U3 scanning electron microscope.
Results

Light microscopic findings
The lymphoid tissue in the mouse nasopharynx is located in the dorsal wall and in the lateral wall within, or close to, the Eustachian orifices (Fig. 1 ). The tunica propria shows aggregation of lymphoid cells without formation of lymph nodules. The epithelium overlying the lymphoid aggregation is intermingled with the underlying lymphoid cells to form the so-called "lymphoepithelium (Jolly, 1914 )" (Figs. 1-4) . In this study, the lymphoepithelium and the underlying lymphoid aggregations are termed as the "nasopharyngeal lymphoepithelial tissue".
The epithelial cells are widely separated to form a sponge-like meshwork, into which lymphoid cells are infiltrated. Therefore, the lymphoepithelium cannot be established its deep border (Figs. 1-4) . Although typical crypts are absent, the superficial cells in the lymphoepithelium are frequently interspersed with lymphoid cells migrated upward and do not form a continuous layer along the luminal surface. In some cases, numerous lymphoid cells are directly exposed to the lumen (Fig. 4) . The lymphoepithelium varies from 2-3 layers to 6-8 layers, and shows gradations ranging from columnar to squamous type (Figs. 2 and 3 ). The superficial columnar and cuboidal type cells are occasionally ciliated (Fig. 2) . No goblet cells were observed.
Scanning electron microscopic findings
Under low magnification, the lymphoepithelium can be distinguished from the surrounding epithelium, since it shows prominent surface discontinuities. The lymphoepithelium is located in the dorsal and the lateral walls of the nasopharynx (Fig. 5 ).
Higher magnification reveals that the superficial cells around the surface discontinuities are loosely packed and widely separated each other to form a reticular pattern (Fig. 6 ). Lymphoid cells are scattered in varying degree on the epithelial surface (Fig. 7) . The superficial epithelial cells in the lymphoepithelium are distinguished into at least 3 types; ciliated cells, hemispheroid cells and flat cells ( width, the same size as the diameter of the microvilli. Various transitional forms between the microvilli and the microridges are frequently observed; e.g., several microvilli lined up closely in a row to form a rosary-like disposition, and microridges with constricted portions resulted from a fusion of microvilli standing close together. Microvilli and microridges are occasionally more closely packed and fused to each other, consequently the surface appears to be relatively flat (Fig. 10) .
Some of the hemispheroid cells show many surface pits suggesting micropinocytosis on their exposed surface. These cells have irregular, coarse, loosely spaced surface projections resembling neither microvilli nor microridges (Fig. 11) .
In the areas of the surface discontinuities, the superficial epithelial cells are missing and, therefore, the epithelial cells in the deeper layers and the underlying lymphoid cells are exposed to the lumen (Fig. 12) . In some cases, the surface discontinuities are filled up by numerous lymphoid cells migrated upward (Fig. 13) .
Discussion
It has been pointed out that the pharyngeal tonsil is absent in the mouse (Killian, 1888; Green, 1966; Gude et al., 1982) . However, in discussing the presence of the tonsil it is of special importance to understand quite clearly what is meant by the term "tonsil" . Fioretti (1961) described that the tonsil exhibited four characteristics: 1) crypt architecture; 2) encapsulation; 3) "Lymphoepithelial Symbiose"; and 4) nodular and extranodular lymphoid tissue. Has the presence of the typical crypts in the pharyngeal tonsil been fully accepted by many histologists? Eggston and Wolf (1947) and Ali (1965) described that there was a system of typical crypts in the human pharyngeal tonsil. However, the widely read textbooks on human histology (Arey, 1968; Ham, 1969; Bloom and Fawcett, 1976 ) stated that there were no typical crypts in the pharyngeal tonsil and that the crypt-like structures were merely epithelial folds. Furthermore, Leela and Kanagasuntheram (1973) described that no crypts were observed in the pharyngeal tonsil of the macaque monkey. Although the mouse nasopharyngeal lymphoepithelial tissue was devoid of typical crypts, the epithelium showed surface discontinuities to allow underlying lymphoid cells to come in contact with the external environment. Owen and Nematic (1978) mentioned possible functional role of antigen reception in the crypts of the palatine tonsil in some mammalian genera containing rodents. Owing to the morphological characteristics and the similar anatomical location, it is suggested that the surface discontinuities in this study correspond to the crypts in the palatine tonsil, and play an important role in the immunological process. The mouse nasopharyngeal lymphoepithelial tissue was devoid of capsule. Although Arey (1968) and Bloom and Fawcett (1976) described that the human pharyngeal tonsil was separated from the surrounding tissue by a thin capsule, Nosaka (1977) stated that a capsule was absent in the tonsil. Considered from these findings, it is clear that there exist the morphological differences between the pharyngeal and the palatine tonsils. The mouse nasopharyngeal lymphoepithelial tissue appears to correspond to the human pharyngeal tonsil if not exact structure, and to act in defence of the inlet of the lower respiratory tract as a part of the Waldeyer's 374 T. Nakano and H. Muto tonsillarring. Furthermore, the location of the tissue may be suited for sampling of environmental antigens. Because, rapid air flow in the "narrow" nasal cavity precludes sustained contact with the epithelium necessary for antigen sampling, while in the "wide" nasopharynx the air flow will be turbulent to cause antigens to impinge.
The epithelium in the nasopharyngeal lymphoepithelial tissue, the so-called "lymphoepithelium (Jolly, 1914 (Takagi and Saito, 1974b; Fournier et al., 1977; Howie, 1981) . It is suggested that the epithelial cells and the lymphoid cells coexist within the lymphoepithelium with maintaining any physiological relationships, and play an important role as the first level of the defense mechanism in the lymphoepithelial tissue.
The types of the epithelium lining the pharyngeal tonsil have been the subject of investigation. According to the textbooks on human histology (Hellman, 1927; Arey, 1968; Ham, 1969; Bloom and Fawcett, 1976) , it was described that the epithelium was the same as in the rest of the respiratory tract, the pseudostratified ciliated columnar epithelium, and there were small patches of the stratified squamous epithelium especially in the adult. On the other hand, Ali (1965) reported that the lining showed a remarkable pattern of alternating patches of ciliated and squamous epithelia, which were separated by islets of the "transitional epithelium". He also claimed that the transitional epithelium had some features similar to those of the epithelium of the urinary systern, i.e., the surface layer showed a scalloped appearance with no cilia, the nuclei were aligned vertically and there were no intercellular bridges. Furthermore, Kanagasuntheram and Ramsbotham (1968) stated in the nasopharynx of the full-term foetuses that there were occasional patches of the "transitional epithelium" over some are as covering the lymphoid aggregations. In this study, the epithelium ranging from columnar to squamous type was observed, and the columnar and cuboidal cells were occasionally ciliated. Nakano (1986), one of the present authors, first reported that the caudal part of the nasopharynx was lined by the "intermediate epithelium" which occupied the transitional zone between the ciliated columnar epithelium continuing from the nasal cavity and the stratified squamous one covering the laryngopharynx. The intermediate epithelium showed gradations ranging from the ciliated stratified low-columnar through the stratified cuboidal to the stratified squamous type, as the epithelium was observed rostrocaudally along the length of the nasopharynx (Nakano, 1986) . From the topographical and histological features, it is considered that the epithelium in the mouse nasopharyngeal lymphoepithelial tissue is the intermediate epithelium infiltrated with lymphoid cells. Further, the "transitional epithelium (Ali, 1965; Kanagasuntheram and Ramsbotham, 1968 )" seems to be identical with the stratified cuboidal type of the intermediate epithelium.
The epithelial cells with surface pits or micropinocytotic vesicles have been observed in the tonsils, Peyer's patches, appendix and bursa of Fabricius, and assigned a variety of names such as the "M cells" (Owen and Jones, 1974; Owen and Nematic, 1978; Howie, 1980; Karchev and Kabakchiev, 1984; Rosner and Keren, 1984) , "fungiform cells" (Olah and Everett, 1975) and "follicle associated cells" (Bockman and Cooper, 1973; Bockman et al., 1975) . Owen (1977) reported in the Peyer's patches of the mouse that antigens such as horseradish peroxidase were taken up by M cells and transferred to lymphocytes. In this study, the scanning electron microscopy revealed that some of the epithelial cells had many surface pits suggesting micropinocytosis. These cells appear to be identical with the M cells and to be important in the uptake of antigen.
In this study, goblet cells were absent and ciliated cells were scattered sparsely. It is reasonably assumed that the reduciton of goblet cells as well as ciliated cells in the lymphoepithelium is a differentiation of the epithelium proceeding in a new direciton, because mucous substance secreted from goblet cells and cilia seem to limit the access of antigens to the epithelial surfce. Furthermore, Bienenstock and Johnston (1976) suggested in the rat bronchus that the islands of cilia-free epithelium covering the lymphoid tissue caused the air turbulence necessary for antigen sampling. Higher magnification of the lymphoepithelium. The epithelial cells around the surface discontinuities (arrows) are loosely packed. X300. Higher magnification of the ciliated cells. Nub-like microvilli (arrowheads) are observed in between the cilia (arrows) which are considerably short. X5,400. 
